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ABSTRACT 


Tb*  Critical  Path  Method  ia  a  taohaiqua  for 
plazmiag  and  aohadnling  projaota.  A  aohadula 
ahowa  (1)  how  long  a  project  will  taJea  to  ooaplata, 
(2)  which  aotivitiaa,  of  the  network  ooaatitutiag 
the  project,  are  'oritioal'  in  dafiaiag  the  tiaa- 
laagth  of  the  project,  (3)  idion  each  aotiwitp  oaa 
ha  atartad,  and  (4)  tolaranoa  allowed  in  the 
starting  tine  of  aaoh  aotirity. 

The  Method  is  desorihad  hare,  and  also  a 
oooputar  progran,  Pagaorit  (4)  written  hy 
Ferranti  Ltd.,  whioh  applies  it  to  projaots. 
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nraonacTioi 


InduatrlAl  and  soleatlflo  projects,  In  researob  and  development  or 
production,  tend  to  beoome  verjr  large  and  complex  In  their  structure, 
and  the  larger  and  more  oonplez  they  heoone  the  more  difficult  it  is  to 
see,  in  preoise  terms,  the  relative  importance  of  different  activities 
within  the  overall  pattern  of  events. 

A  relatively  new  technique  for  analysing,  planning  and  sohedullng 
largs  projects  is  the  Crltioal  Path  Method.  This  is  described  in 
Eeferenoes  1,2  and  3*  Baaloally,  this  method  determines  whloh  Jobs  or 
aotlvltles  in  a  project  are  'crltioal*  in  affecting  the  ooaipletion  time 
of  the  whole  project,  and  how  best  to  aohadule  all  Jobs  la  the  project 
in  order  to  meet  a  target  date  with  the  minimum  amount  of  'lost*  time, 
and  thus  at  minimum  oost. 

The  Critical  Path  Method  can  be  applied  to  a  great  variety  of 
projects  and  at  different  levels  of  planxtlng,  but  each  project  is 
required  to  have  several  oharaoterlstlos  whloh  arp  essential  for 
Crltioal  Path  analysis t 

(1)  The  project  consists  of  a  well-defined  oolleotlon  of  Jobs 
which,  when  oompleted,  nark  the  end  of  the  project. 

(2)  Thu  Jobs  may  be  started  and  stopped  Independently  of  each 
other,  wi  bin  a  given  sequence. 

(3)  The  Jobs  are  semi-ordered,  l.e.  the  Jobs  are  arranged  in 
series  and  parallel  series  dlreoted  from  Start  to  Pinish  with 
no  loops. 

THB  MMTBOD 


Altbou^  it  is  not  an  essential  part  of  the  Method,  a  Projeot 
Graph  consisting  of  a  ociq>lete  picture  of  all  the  Jobe  in  a  projeot  is  a 
valuable  guide  when  drawing  up  the  data  for  a  Crltioal  Path  analysis, 
and  will  reduce  the  possibility  of  msbigultles  ooourring  in  sequence 
relationships  of  aotlvities. 

All  the  activities  (or  Jobs)  in  the  projeot  should  be  listed 
together  with  their  durations  and  desoriptions,  the  activities  being 
represented  on  the  Orapb  by  arrows.  Since  each  aotlvity  is  uniqusly 
defined  and  independent  it  has  a  starting  evsnt  (when  the  activity 
begins)  and  a  finishing  event  (when  the  activity  is  oompleted),  these 
events  being  represented  on  the  Oraph  by  oiroles  (or  nodes).  Two 
oonseoutive  activities  will  thus  have  a  ooHwn  node  whloh  will  be  the 
finishing  event  of  one  activity  and  the  starting  event  of  the 
following  aotlvity. 

Sequence  relationships  must  be  strictly  represented,  and 
oooaslonally  'dtasny'  aotlvities  having  sero  time  content  will  have  to 
be  inserted  to  make  this  possible. 

The  durations  of  the  aotivitieo  oan  be  written  by  the  oorrespondlng 
arrows,  and  the  nodes  numbered  to  give  Identlfioation  to  aotlvities. 
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For  eonv*nl«noa,  all  nodaa  «ith  no  pradaoasaora  ara  ooanaotad  to  a  noda 
laballad  'Start',  and  alailarly  all  nodaa  with  no  suooasacra  ara 
oonnaotad  to  a  noda  laballad  'Finish'. 

In  this  way  a  projaot  is  totally  raprasantad  graphically. 

Thus  tha  graph  consists  of  a  numbar  of  diffarant  'arrow-paths' 
fron  Start  to  Finish.  Tha  total  tima  to  ooapleta  aaoh  path  is  tha  atm 
of  tha  durations  of  aaoh  activity  on  tha  path. 

Tha  critical  path  is  tha  path  which  takas  tha  longast  tiaa  from 
Start  to  Finish.  This  tins  is  than  tha  shortast  tins  in  which  ths 
project  can  ba  ooaiplatad. 

Only  by  shortening  tha  duration  of  'critical'  activities  esn  ths 
total  project  tine  ba  raduoadi  if  there  exists  nora  than  one  critical 
path  than  aaoh  of  these  would  have  to  ba  oonsidsrad. 

Usually  about  109(  of  tha  Jobs  ara  critical  |  all-out  efforts  on  all 
ths  Jobs  in  a  project  arc  unnacassaxy  and  unacencnic.  Of  course,  if 
ths  critical  activities  ara  shortened  it  is  likely  that  tha  critical 
path  would  change  its  ccursa  to  include  activities  irikloh  previously  wars 
naax^rltioal}  it  would  than  ba  necessary  to  apply  a  further  Critical 
Path  analysis  to  tha  project. 

PBSCllFTIOy  OF  raF  nntmui  -  pyitCRIT  lU) 

This  program,  Pagaorit  (4),  has  bean  written  by  Ferranti  Ltd.  for 
applying  tha  Critical  Path  Method  to  large  projects.  It  is  written  for 
use  on  a  Pegasus  ooiQmtor,  although  there  is  also  a  program  for  tha 
flirlus  maohlna.  Both  programs  have  bean  arranged  so  that  ths  sans  data 
tapes  can  ba  aoesptod  by  either  oosputer.  A  description  of  how  to  use 
ths  program  is  oontainsd  in  Beferenoe  3* 

lbs  program  reqplsos  a  total  account  of  all  the  activities  in  ths 
project  in  terms  of  their  starting  and  finishing  events,  durations,  and 
descriptions.  With  this  information  an  estlmats  can  be  made  of  ths 
total  time  for  each  path  through  the  natworic.  Ths  longest  path  is  then 
the  Critical  Path. 

The  program  then  assesses  for  aaoh  activity  in  the  project  the 
earliest  tine  it  can  be  started  and  ths  sarliast  time  it  can  be  finished 
taking  into  aooount  the  different  paths  frosi  the  start  of  ths  projsot  to 
the  aotivity«  and  assuming  that  all  aotivitiss  follow  one  another 
without  delay,  and  similarly  ths  latest  tins  it  can  be  started  and  ths 
latest  time  it  can  be  finished  -  considering  the  different  paths, 
wortclng  backwards,  from  the  taminal  event  to  the  activity,  and  allowing 
'non-oritioal'  activities  to  start  as  late  as  possible  without  delaying 
the  whole  project,  i.e.  without  delaying  any  'critical'  activity. 


These  times  are  related  as  follows i- 


for  oaoh  aotivltyi 

early  atari  *  duration  ■  early  finish 

lata  start  *  duration  •  lata  finish 

early  start  -  latest  of  the  early  finishes  of  all  the 
preoeding  aotivities 

lata  start  ■>  latest  of  the  late  finishes  of  all  the 
preoediuK  aotivities 

And  further,  for  eaoh  oritioal  activity! 

early  start  •  late  start 

early  finish  -  late  finish. 

Aotivities  not  on  the  oritioal  path  usually  have  different  earliest 
and  latest  starting  (or  finishing)  tisMs,  the  diffarenee  being  the  total 
soount  of  tine  the  activity  oan  be  delayed  before  Interfering  with  the 
soheduled  tiaee  of  the  oritioal  aotivities,  irttloh  would  delay  the 
project  ooapletion  tlflw.  This  delay  tine  is  ealled  the  T2tgJ,_|22S^ 
available  to  the  activity. 

Two  other  kinds  of  float  are  ooaputed  by  the  prograat  free  fleet 
and  Independent  float. 

The  free  float  is  the  amount  of  tine  an  activity  can  be  delayed 
without  delaying  any  following  aotlvlty.  Zt  is  defined  as  the 
differenee  between  the  aotivity's  early  finishing  time  and  the  early 
starting  time  of  all  its  iMsdiate  successors. 

The  Independent  float  is  the  aanunt  of  time  available  without 
affeotlng  the  sohedules  of  following  and  preoeding  aotivities.  Zt  is 
defined  as  ths  differenoe  between  the  earliest  start  tine  of  laMdiate 
successors  and  the  latest  finishing  tine  of  predeoessors,  less  the 
duration  of  the  aotlvlty.  This  type  of  float  is  infrequent  (i.e. 
infrequently  a  positive  quantity). 

Ths  iaportanoe  of  floats  is  that  they  Indloate  olearly  whieh 
aotivities  deserve  second  priority  to  the  oritioal  aotivities* 

The  most  iaportant  faoillty  of  the  program  ia  that  amendmenta  to 
the  initial  data  oan  be  made  without  the  neoesnity  to  puneh  an  emtira 
new  data  tape.  This  faelllty  is  deaeribed  ia  Refereaoe  4* 

Amendmonts  are  of  three  typeai  ohanges  ia  durations  of  aotlvitiea, 
renovals  of  aotivities,  and  insertions  of  new  aotivities. 

After  a  period  of  time  a  projeot  oan  bo  'updated*  by  making  a 
aeries  of  amendments  to  the  previous  set  of  data.  Aotivities  whieh 
have  been  oompleted  are  removed,  those  whioh  are  ia  progress  are  given 
revised  eompletloa  tiawa,  and  new  aotivities  ooeurring  are  Inserted. 
Bveat  times  are  resoheduled  by  the  program  relative  to  the  new  atarting 
event  of  the  projeot  whieh  is  then  the  eurreat  tine  of  review. 


Th*  aacndacnt  faollity  ukss  th«  progru  very  cuy  to  run  after  the 
Initial  sohadula  has  l>ean  ooi^uted.  It  will  ba  aaan  froa  aaeh  new 
sehadttla  whathar  tha  oritloal  path  oonsiata  of  tha  aaaa  aotiYitlaa  as 
bafora,  or  if  naw  aotlvitias  hava  haoona  erltioal,  in  iriiioh  oasa  tha 
projaot  plan  oan  ha  raTisad  to  Ineluda  tha  naw  prioritiaa. 

pnPAHinoi  or  tto  am  tacts 


Initially  thraa  data  tapaa  ara  raqulrad,  a  nuBarloal  tapa,  a  title 
tape,  and  an  aBandnant  tape. 

Tha  BMBarioal  tana  oontalna  a  list  of  all  tha  aetlwitias  in  tha 
projaet,  aaeh  aetlvlty  balnc  dasorlbad  hy  its  starting  awant,  finishing 
awant,  and  duration.  Tha  aotiwitias  osn  ha  listed  in  any  order  and 
need  not  ha  oonsaoutiwa,  with  tha  one  ooaditlon  that  aetlwitias  hawing 
tha  Sana  starting  awant  anst  ha  grouped  tegsthar. 

The  title  tana  supplanaats  tha  nunarleal  tape  hy  oontaialng  the 
daseriptions  of  all  tha  aetlwitias.  Tha  dasoriptions  nust  ho  arranged 
in  the  sane  order  as  their  oorrasponding  aotlwitlas  in  the  nunarleal 
tape. 


Tha  anandnant  tana  oontains  a  list  of  all  tha  anandnants  naeasaazy 
to  tha  updating  of  tha  projaet.  Tor  tbs  first  sohadula  fron  the 
initial  aat  of  data,  thou^  there  will  ha  no  anandnants  a  taps  nust 
still  ha  prepared  aa  it  la  raqulrad  for  tha  mnnlag  of  tbs  progron. 

Tor  aaeh  suhaoquont  run  tha  prawiens  output  ti^  is  used  as  input, 
raplaelng  tte  msarioal  and  title  tapes.  The  only  work  Inwelwod  far 
tha  updating  of  tha  data  is  tha  preparation  of  an  aawndnant  t^po. 

Anandnants  ara  of  thraa  typos,  wls.  ohai^os  of  aetiwlty  tlnss, 
ranowals  of  aotiwltios,  and  insartlons  of  now  aetlwitias.  laeh 
anandnant  is  written  in  the  fom  of  aa  aotlwity  (l.a.  starting  awant  8, 
finishing  awant  T,  and  duration  S)  and  is  praeadsd  hy  a  eoda  lattar. 
Anandnants  ara  wrlttan  as  follows t 

Change  of  tine  i  original  S  and  T  and  new  8 

■anowal  t  original  8,  T  and  D 

Xasartioa  i  new  8,  T  and  D  followed  hy  its  dasoriptlon 

Tha  data  is  fad  into  tha  oonputor  hy  insarting  tha  Miriaal  tape 
(or  output  tape)  in  Tape  taadar  0  and  tha  anandnant  tape  in  Tape 
laadar  1.  Tbs  progran  roads  tha  first  anandnant  and  oonparas  it  with 
sueeassiwa  aetlwitias  mi  tha  nanarioal  tape  until  tha  naeassaxy 
agraanant  is  found  for  tha  anandnant  to  ha  nada.  Thnsi- 

(i)  for  a  ehanga  of  tine  or  renewal,  tha  startii«  awants 

finishing  awants  under  hath  tape  raadars  nust  ha  the  sane, 

(ii)  for  aa  inaartimi,  althar  tha  starting  awants  2£  finishing 

awants  oust  ha  tha  sane. 

Xf  aa  insertion  is  nada,  tha  next  anandnant  is  road  and  eonparad 
with  tha  aotlwity  still  in  TID,  as  ahowa,  othsrwisa  tha  anandnant  in 
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raad  and  tha  program  Immadlataly  baglns  aaarohlBg  tha  numarloal  tapa  for 
tha  nazt  activity  to  Iw  amandad.  Thus  any  aumhar  of  iasartiona  oaa  ha 
aada  at  oaa  poiat  oa  tha  auaarieal  tapa  (providing  ooadition  (ii)  ahova 
holds). 

Tha  amaadmaats  for  ohaagss  of  tiaa  aad  ramovals  of  aotivitias 
should  ha  arraagad  ia  aa  ordar  idoatioal  to  that  of  tha  aotivitias  on 
tha  auaarioal  tapa  (or  prsvlous  output  tapa)  to  which  they  refer.  low 
aotivitioa,  to  ha  iaaartad,  ara  nora  difficult  to  place  ia  the  aasadmoat 
tape  aa  they  may  "split”  a  group  of  aotivitioa  oa  tha  aumsrioal  taps 
having  a  oomnoa  atartiag  ovant|  this  eould  happaa  if  tbs  iasortlea  is 
mads  hy  a  oemparison  of  fiaishiag  avaats.  If  this  is  ths  oaaa  aad  it 
is  aaoasaary  to  lasart  aa  activity  ia  the  mlddla  of  ths  groupy  than  ia 
order  to  prassrva  tha  group  it  will  ha  aaoasaary  to  iasort  at  ths 
hoglmitig  of  tbs  group  all  ths  aotivitias  (ia  ths  grotqt)  fellowiag  tha 
plaoa  of  iasartloay  to  lasart  tha  aav  aotivity  and  than  rameva  all  thoaa 
which  hava  haaa  ra-laaartad  at  tha  hagiaaiag.  Aa  azMpla  of  this  is 
ooatalaad  la  tha  Amandsbat  list  to  ths  Icaapla  latvork  in  ths  Appaadiz. 

loimallyy  aa  iasartloa  lavolvas  just  oas  ansndmant  ordsry  thou|^  it 
may  aoaatiaas  ha  aaoaasaxy  to  proeads  it  hgr  a  *  peando-amsndmaat '  -  a 
ehaaga-of-tina  anaadaant  having  ths  sans  tino  aa  ths  activity  it  rafars 
to  -  to  place  the  iaaartioa  eorroetly.  Tor  Instanoa,  if  aovaral 
oonsaoutlva  aotivltios  hava  tha  oaaa  atartli«  or  fiaishiag  ovaat  as  ths 
oas  to  ha  iasartad,  a  psaudo-anandmant  to  tha  aotivity  lamadiataly 
hoforo  tha  plaoa  for  tha  aav  activity  will  aaahlo  tha  iasartioa  to  ho 
mads  ia  tha  right  ordar. 

TqgQHUB  vnix 

1.  Both  tha  numarloal  t^pa  and  title  tapa  must  ha  haadsd  hgr  tha  ooda 
aagasaea  Jviy  than  followad  hgr  tha  mala  titla  of  tha  projaot.  This 
titla  must  mot  azoaad  48  ohs.y  iaeludlag  shifta,  ato. 

Ths  t^as  ara  haadad  thasi 

GHa  \  J 

GUf  A  I  # 

cur  (Titla)  ff . # 

aad  ara  than  puaehad  as  follomsi- 


■soh  aotivity  ooasists  of  tbraa  Bunibaray  startiiv  avaaty 
fiaishiag  avaaty  sad  aotivity  tiaa.  Tha  aotivitlM  ara  paaohad 
OB  aaparata  liasa  aad  ara  groupad  ia  pagas  of  tMrWeh.  iMh 
page  is  haadad  by  a  p|go  aashar  oa  a  separata  liasy  aad  aaoh  lias 
hy  a  lias  nsahsr  (1»Vf).  Ths  Itaas  of  data  aad  paga  asaiharo 
Boat  bagia  with  OlV  aad  auaharo  Boat  ha  follemd  hy  a  spaea. 
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A  lint  of  data  la  puaehaAi 

Cn#  llaa  ap  aiartlag  ap  flnlahlag  ap  aotivltx  ap 
ao.  avaat  avant  tlaa 

(b)  Titla  taoa 

Vhla  tapa  eoatalaa  tha  daaeriptloaa  of  all  tha  aoilTltiaa  aad. 
anat  ba  pnaobad  la  taa  aaaa  exdar  aa  tba  aoilTitiaa  oa  tba 
aaaarleal  ti^a*  auMrioal  tapa,  tha  'tltlaa'  ara 

fKoapad  la  pafaa  of  w  aaeh,  aaah  pa^a  bate  baadad  b/  a  paga 
BDBbar,  aad  aaah  llaa  b^  a  llaa  BHibar  (l-te).  lha  llaa  anabar 
la  folloaad  hx  a  apaaa,  tao  data,  aad  tha  daaarlptloa,  ahloh  ahavld 
aat  azaaad  2b  abaraatara  (aot  laelodlag  ahlfta).  k  llaa  of  data 
la  puna had I 

cur  llaa  ap  ..  (titla)  ^ . ^ 

aa. 

fhara  aoat  ba  tao  data  bafera  tha  titla  aad  at  laaat  tae  figar^ 
ahlfta  after  It  (l.a.  blaak  te^a). 

2. 

tha  aaaataMit  tapa  la  baadad  bgr  a  aabaldlaxy  titla,  rafarrte  to 
tha  aat  of  data  aftar  It  haa  boaa  MMadad,  ahlah  will  ba  prlated  at  tha 
baad  of  avaxy  paga  of  oatpat.  tha  titla  anat  ba  falloaad  by  blank 
tapa. 

tha  anaadnanta  ara  poaohad  In  tba  ordar  daaerlbad  la  tba  prarlaaa 
aaotloa. 

A  llna  la  pnaohadi 

cur  coda  atartlag  ap  fladahiag  ap  aotlTltgr  *p 

latter  avant  araat  tlna 

Zf  aa  aotlTltr  la  to  ba  ranorad,  tha  oada  latter  la  I 

If  aa  aotlTlty  tlM  la  ta  ba  ahaagad,  tha  ooda  latter  la  C,  aad  naa 
tlna  raplaoaa  tha  old  ana 

Xf  a  naa  aotlaity  la  to  ba  iaaarted,  tha  aoda  latter  la  X,  aad  tha  llna 
of  date  la  oonttnaad  aith 

(daaoriptlcn)  ....  f 

SB  Xf  thara  ara  aa  aaanteaate  a  tapa  nuat  atill  ba 

pwnahad,  it  aill  aoataln  Jaat  tha  aubaidlaiy  titla  falloaad 
by  blank  tapa. 
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All  tepao  anat  ba  texnlaated  by 


owm 

The  output  tepe  la  headed  by  the  foUoelng:- 

8  foUoeed  by  the  auiher  of  the  first  event  In  the  network 

T  followed  by  the  nuriMr  of  the  last  event  In  the  network 

8  followed  by  the  nuihar  of  events  in  the  network 

A  followed  by  the  nusher.of  aetlvltlea  in  the  network 

Taulty  data  representinf  a  network  with  eore  than  one  initial  or  terelnal 
node  will  be  indioateA  .by  the  printing  of  nore  than  one  8  or  T.  A 
"split  group”,  ooourring  either  through  faulty  preparation  of  the  data 
or  a  wrongly  planed  iaaertion,  nllL  be  indioated  by  the  letter  8 
followed  by  the  ooenen.  stsrti^  event  nasber  of  this  e^oap. 

After  the  aain  and  subsidiary  headings,  the  sehednle  is  arranged  la 
lines  of  data,  each  referring  to  the  aotivity  defined  by  the  first 
three  nuriiars  of  the  line  >  starting  event,  finishing  event  and 
duration.  The  line  oontinues  with  the  early  and  late  starting  tines, 
early  and  late  finishing  tinea,  total,  free .and  independent  fleata,  a^ 
deaoription  of  the  aotivity.  ietivities  whioh  are  on  the  Critieal 
Bath  are  indioated  by  the  printing  of  'dashes  *  between  the  latter 
nuabars  on  the  line.  The  aatiaated  total  duration  of  the  prejaot  is 
epsal  to  the  early  or  late  finishing  tins  of  the  oritieal  aotivity 
wl^e  finishing  event  is  the  teralaal  event  of  the  project  (indioated 
by  T  at  the  head  of  output). 

The  lines  of  data  are  arranged  in  pages  of  100  eaoh. 


1.  tuppresa  Optional  FMating. 

2.  Xnaert  Bsgaerit  (4)  in  no.  StaxV^*  Ihls  ends  with 
a  77-stop. 

3.  Insert  aunorloal  tape  in  TM  and  aasndnoat  tape  in  111 . 
Operate  the  tun  key. 

4.  When  the  77-stop  is  reaohed,  plaoe  title  Up*  in  IM  and 
re-insert  aneadaeat  tape  in  TK1 .  Operate  the  him  tay. 

Tbs  aohedule  is  punohad  out  aa  the  title  tape  ia  read  in. 
Tbs  run  ends  with  a  77-atop. 

The  aact  sobadale  nay  be  run  by  rapeating  these  aerations,  starting 
frea  operation  3. 


Updating  runs  are  aerated  aa  above  easapt  that  the  prawiaus 
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output  tup*  i«  u««d  InitMul  of  th«  nuMrloul  and  titlo  tapaa,  tba 
output  tape  tliua  balng  raad  in  twioa. 

sTza  n>  PBflJKCTa 


A  projaot  auat  ooafom  to  tha  foUoalas  Unita  if  it  ia  ^o  ba 
aaaljraad  by  tba  proKraa: 

MaTlaMB  auaibar  of  araata  1280 

HiTlaMn  mutoar  of  aotiTitiaa  2000 

Mazinun.  duration  of  tha  projaot 
or  any  oaa  aotirity  9999  tina  unita 

Any  tina  unita  ean  ba  oaad,  bat  thagr  auat  ba  ooaaiatant  tbrouiiboat  tha 
projaot  and  auat  ba  aipraaaad  aa  intagara.  Branta  oaa  ba  nuAorad 
from  0  to  1279.  Tba  Baid>ara  oan  ba  in  any  aaqfuanoa  and  naad  not  run 
oonaaoutivaly. 

lags 

Iba  foUoainc  ^pcoxiaata  tiaaa  will  (iTa  a  ron^  fuida  aa  to  boa 
lone  a  aohadula  aiU  taka  to  ooapatat- 

to  raad  in  procn»  Bofoorit  (4)  t  ^  uin. 

to  raad  ia  nwnarioal  tapa  t  f  ain.  for  avaxy  100  aotiTitiaa. 

Co^putiac  tiaa  t  1^  adaa.  for  araigr  100  aotiTitiaa. 

to  raad  ia  titla  tapa  aad  output  tha  aohaOala  i  4  alaa.  for 

arasy  100 
aotiTitiaa. 

nBAM 

SBBHI 

tbo  foUooiat  la^p>atopa,  ladloatiap  orrara  on  tba  data  tapaa, 
oaa  ooaur  durlBc  a  ruai* 

Ouriac  tha  .raadiap-ia  of  tbo  anuarloal  tapai 

30  ♦  Ml  wroac  papa  aa*ar 

3.0  *  66i  aroac  llaa  nuktar 

Ouriap  oooputiaci 

1.3  ♦  660  laop  datootad  la  aataork 

Suriac  roadlnp-in  of  tha  titla  tapat 

S.O  ♦  Ml  wroap  papa  wirikar 

a.9  ♦  Ml  mil  Md  ^  data  not  punebad  bafara 

daooriptioa 
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Ob  th«  —witotttt  ti9«t 
0.3  ♦  £61 
1.7  560 


ehimetar  /  I,  C«  S, 


•r  -1 


iMMFtieB  r««d  is  alTMi^r  ea  tha 
Buaarioal  tap* 

th«  projaot  graph,  data  tapaa.  aad  output  aataadnlaa  of  a  aaall  anufd.a 
aatvork  for  aa  ialtial  run  aad  aa  i^datad  r«a  ara  gtraa  la  tba  ^ppmdiB. 


U.B.O.) 

OM^qgj 
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